In order to analyze mechanisms through which genes integrated into whole mice influence the expression of mouse genes, we introduced the ElA gene of human adenovirus type 12 into the pronuclei of fertilized mouse eggs. Three (12%) of 26 and three (6%) of 48 mice that developed from eggs injected with Charon10--gElA-2 DNA and pSV2-gpt-gElA DNA, respectively, were found to carry the injected sequences. Multiple copies of the injected DNAs were found integrated into the genomes of these mice. They were arranged mainly in tandem, a head-to-tail form. These mice carrying Charon10-gElA-2 transmitted the integrated sequences to their progeny. However, the patterns of the transmission were different from mouse to mouse. On the other hand, the mice carrying pSV2-gpt-gElA have not so far been confirmed to the capability of transmitting the sequence to their progeny. Comparative analysis of proteins extracted from 6 tissues by two-dimensional gel electrophoresis showed that several proteins were different in their quantities when a mouse carrying Charon10-gElA-2 was compared to its normal littermate. The MW/pI of these spots were, 27kd/6.4 of lung, and 26kd/5.1, 28kd/5
Microinjection of foreign genes into the pronuclei of fertilized mouse eggs has been employed as a tool to introduce new genetic materials into whole animals (Gordon et al., 1980; Wagner, Stewart and Mintz, 1981; Wagner et al., 1981; Brinster et al., 1981; Costantini and Lacy, 1981; Burki and Ullrich, 1982) . The injected genes are integrated into mouse embryonic genomes and transmitted to progeny through the germ line (Wagner et al., 1981; Costantini and Lacy., 1981; Gordon and Ruddle., 1981; Stewart et al., 1982; Palmiter et al., 1982) . This technique provides a direct test to investigate regulation of gene expression in the animals through the development. The technique may also he useful for the analysis of the mechanisms through which the introduced genes influence the expression of phenotypes in the animals. We chose El A gene of human adenovirus type 12 for these purposes, as it has been demonstrated that the ElA gene products either enhance or suppress expression of genes of both viral and cellular origin by trans-acting mechanism (Velcich and Ziff, 1984; Takahashi and Onodera, 1985; Yamashita et al., 1986) .
In this study, we report introduction of recombinant DNAs containing the ElA gene of human adenovirus type 12 into mouse germ lines.
Materials and Methods
Recombinant DNA Charon10-gElA-2 and pSV2-gpt-gElA were gifts from Dr. Kazukiyo Onodera, the University of Tokyo. The DNAs were propagated and prepared by the methods described by Maniatis et al. (1982) with some modifications. Charon10-gElA-2 DNA was extracted from the lysate of the host cells infected with the phage. Analysis of mouse DNA The mice that developed from the treated eggs were weaned at 3 weeks of age and a piece of the tail was cut off from each mouse. DNA was extracted as described by Hogan et al. (1986) 
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Analysis of mouse proteins
Proteins from sera and various tissues of mice were prepared as follows. Blood was collected from retro-orvital venous plexus of mice at 8-21 weeks of age and sera were separated by centrifugation. Five p 1 of the sera were applied for two-dimensional gel electrophoresis (Anderson and Anderson, 1977 The proteins in the gels were stained with Silver Staining Kit as described by the vendor (Kanto Chemical Co. Inc.)
Results
The structures of DNAs injected are shown in Fig. 1 . Charon10-gElA-2 contains 2 copies of the recombinant plasmid, pSV2-gpt-gElA, including the ElA gene of human adenovirus type 12 (Takahashi et al., 1986 A B and 6.2-kb bands were detected (Fig. 2) . This indicates that in these three ElA sequence positive mice the injected DNA was integrated into the genomes. Detection of 16.9-kb bands in the BamHI digests ( Fig. 2A) as well as 29.6-kb bands in the EcoRI digests (Fig. 2B ) of the DNA extracted from these transgenic mice showed that the inserted DNA were arrayed in tandem, head-to-tail forms. Three (6%) of the mice that developed from eggs injected with pSV2-gpt-gElA DNA were found to carry the injected sequences. One ElA sequence positive mouse (pElA/0) died within 24 hr after birth. The other two were designated as pElA/1 (male) and pElA/2 (female). Fig. 3 shows the results of BamHI digests of DNAs extracted from pElA/1 and pElA/2. Two bands, 4.6-and 1.6-kb, were not present in the two (data not shown), although 11 animals were analyzed for each group. However, several significant differences were observed in the densities of protein spots when tissue proteins were compared between an EIA positive transgenic mouse of 2EIA/l line, 2EIA/1-3, and its normal littermate. The lung proteins showed the least difference. A spot (MW=27 kd, pI=6.4) was absent in 2EIA/1-3 (Fig. 6 ). The pancreatic proteins had seven differences (Fig. 6) . Five of the spots in 2EIA/1-3 were absent in its normal littermate, and their MW/pI were 26 kd/5.1, 49 kd/5.1, 66 kd/5.9, 46 kd/7.1 and 24 kd/7.I. Two spots in the normal pancreatic proteins were absent in 2EIA/1-3 at the corresponding locations. Their MW/pI were 28 kd/5.1 and 47 kd/6.6.
Discussion
We produced the six transgenic mice that carried the EIA gene of human adenovirus type 12. As was reported by three groups, integration of foreign genes into host DNA did not depend upon the size of the injected DNA (Costantini and Lacy, 1981; Yamamura et al., 1984; Brinster et al., 1985) . Our results confirmed these reports. Charonl0-gEIA-2, which is 41.9 kb, was successfully incorporated into the mouse genome. The rEIAtively low frequency of the integration (11.5%) of Charon10-gEIA-2 compared to reported cases (10-40% of surviving embryos, Hogan et al., 1986) could not be explained by the high molecular weight of the injected DNA, because the frequency of shorter DNA, pSV2-gpt-gEIA, was even lower (5.6%).
Southern blot analysis showed that the four transgenic mice carrying either Charon10-gEIA-2 or pSV2-gpt-gEIA had multiple copies in tandem Fig. 3 . Southern blot hybridization of DNA from transgenic mice, pEIA/1 and pEIA/2. DNA (7.5 pg) was digested with BamHI and after electrophoresis and transfer, the fragments were hybridized to 32p-labeled pSV2-gpt-gEIA DNA. Control: 100 pg of pSV2-gpt-gEIA DNA mixed with 7.5 ttg of normal mouse DNA. 
